The metastatic dissemination of cancer cells to the bone marrow (BM) is a frequent clinical finding, in particular among patients with breast and prostate carcinoma. On the long-term, bone metastases generally cause immobility and aggravate cancer-related morbidity, mainly due to skeletal complications such as hypercalcemia, pathological fractures and cord compression, overall resulting in a significant deterioration of quality of life as well as in an increase in mortality. 1 The mechanisms underlying the dissemination of cancer cells to the bone have been intensively investigated, and a variety of therapeutics that specifically target this process has been developed. Conversely, the relationship between the establishment of bone metastases and antitumor immunity has been the subject of much less investigational effort. As the BM is indispensable not only for normal hematopoiesis but also for the generation of immune cells that may exert anticancer activity, the changes in the BM microenvironment elicited by metastases are expected to affect not only the skeletal system but also anticancer immune responses. The mutual relationship between bone metastasis and antitumor immunity remains poorly understood.
We have been exploring novel anticancer therapeutics by focusing on the interplay between neoplastic lesions and antitumor immune responses. In a previous study, we have provided new insights into the metastatic process using murine and human melanoma cells that displayed typical features of the epithelialto-mesenchymal transition (EMT) following transduction of a cDNA coding for snail family zinc finger 1 (SNAI1, best known as SNAIL). Thus, we demonstrated that SNAI1 expression accelerates metastasis not only by enhancing the motility of malignant cells but also by promoting immunosuppression. 2, 3 In particular, we found that SNAI1 + metastatic tumor cells secrete thrombospondin 1 (THBS1, also known as TSP1) and chemokine (C-C motif) ligand 2 (CCL2), hence favoring the development of immunosuppressive cells including immunoregulatory dendritic cells (DCregs) and regulatory T cells (Tregs). 2, 3 However, this was not the only immunosuppressive pathway elicited by SNAI1.
In a murine SNAI1 + melanoma model, we often observed all mice to exhibit black bones (which are indicative of metastatic dissemination) even after the subcutaneous implantation of malignant cells. 4 EMT has been reported to generate cancer cells with stem cell-like properties, including self-renewal activity and drug resistance, in the BM niche. 5 However, how such "cancer stem cells" CSCs would modulate the BM microenvironment and alter antitumor immune responses remains unclear. Blocking TSP1 or CCL2 did not reduce the amount of bone metastases, although the growth of primary lesions as well as the metastatic dissemination of cancer cells to other tissues were effectively inhibited following the enhancement of antitumor immune responses. Therefore, we attempted to elucidate the mechanism underlying bone metastasis from an immunological perspective, identifying a novel immunosuppressive pathway controlled by follistatin-like 1 (FSTL1), a glycoprotein that is secreted by SNAI1 + cancer cells. 4 FSTL1 is known as a regulator of embryonic organogenesis, 6 and has been detected in increased amounts in patients with rheumatoid arthritis and osteosarcoma. 7, 8 However, a functional role of FSTL1 in cancer metastasis and antitumor immunity had never been demonstrated.
We revealed a dual role of FSTL1 in the metastatic dissemination of cancer cells to the bones. 4 Thus, FSTL1 promotes metastasis by accruing the invasive potential and bone tropism of malignant In spite of significant advances in our understanding of the metastatic process, the relationship between the dissemination of primary neoplasms to the bones and antitumor immunity remains poorly understood. we have recently identified follistatin-like 1 (FsTL1), a soluble protein secreted by snail family zinc finger 1 (sNaI1)-expressing cancer cells, as a key determinant of bone metastasis that operates by inducing a systemic state of immune dysfunction.
functionally impaired T cells that express low levels of CD8, and further stimulate metastatic bone colonization, resulting in the amplification of the FSTL1-induced signaling cascade (Fig. 1) . Blocking FSTL1 using specific siRNAs hampers these events and favors the elicitation of efficient antitumor immune responses in vitro and in vivo. In specimens from advanced breast carcinoma patients, the relative abundance of ALCAM + cells significantly correlated with FSTL1 levels in malignant tissues, but not in their adjacent normal counterparts. This points to the existence of a causal connection between FSTL1 and ALCAM within the tumor microenvironment.
Thus, FSTL1 stands out as a promising therapeutic target to prevent or treat bone metastasis and immune dysfunction in cancer patients.
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No potential conflicts of interest were disclosed. Figure 1 . Mechanisms of FsTL1-induced bone metastases. Follistatin-like 1 (FsTL1) is the third player in snail family zinc finger 1 (sNaI1)-induced immune evasion after thrombospondin 1 (ThBs1, also known as TsP1) and chemokine (C-C motif) ligand 2 (CCL2), which we previously found to promote immunosuppression.
